INTRODUCTION
treated milk every three to five days followed by incubation at room temperature (20-25ºC) for 18-24 h. Once coagulated, the milk was stored at 7ºC for consumption until the manufacture of a new batch. The NFM was maintained for several years in the household from which it was acquired without losing its original activity or sensorial properties.
Following acquisition and continued production at the laboratory using the same artisanal methods, samples were analysed at 0, 3, 6, 12 and 15 months. The stable sensorial properties of the product suggested the presence of a stable microbial community with potential use as an industrial starter.
MATERIAL AND METHODS

Sampling conditions
Six batches of the NFM were sampled at the time of consumption (one to three days after production) according to IDF Standard 50B (IDF, 1985) and transported to the laboratory under refrigerated conditions. The pH of the milk before and after fermentation was 94 95 measured according to IDF Standard 104A (IDF, 1984) . Duplicate culturing analyses were performed on the day of sampling. For the isolation of DNA, samples were stored at -20ºC until required. 
Microbial analyses
Ten ml of NFM were homogenised with 90 ml of a 2% (w/v) sodium citrate solution at 45ºC in a Colworth Stomacher 400 (Seward Ltd., London, UK) (for 3 x 1 min). Ten-fold serial dilutions were made in Maximum Recovery Diluent (Scharlau, Barcelona, Spain) and plated in duplicate on general and selective media as follows.
Aerobic mesophilic bacteria 106
and overlay technique. Dilutions were mixed with 15 ml of agar and poured onto Petri dishes. After solidification a second agar layer of 10 ml was added. Bacteria were enumerated after 48 h incubation at 30ºC.
Staphylococci
Dilutions were grown on Baird-Parker agar (BPA; Merck) supplemented with egg yolk tellurite solution (Merck). Black colonies with or without egg yolk clearing were recorded after 24 h incubation at 37ºC.
Yeasts and moulds
Dilutions of acidified milk samples were plated on yeast extract glucose chloramphenicol agar (YGCA; Merck) and yeasts and moulds enumerated after 3-5 days incubation at 25ºC.
Molecular identification
Molecular identification of bacteria
From the different NFM samples, 104 colonies from the M17 (54), MRS (39) and MSE (11) agar plates were purified by subculturing on the same medium from which they were collected. Pure cultures were stored frozen at -80ºC until analysis. Total genomic DNA from isolates was purified from overnight cultures using the GenElute Bacterial Genomic DNA kit (Sigma-Aldrich Inc., St. Louis, Mo., USA) following the manufacturer's recommendations. Total DNA from isolates was employed as a template to amplify a segment of the 16S rRNA gene via the polymerase chain reaction (PCR) using the universal prokaryotic primers S-D-Bact-0008-a-S-20 (27F) (5 '-AGAGTTTGATCCTGGCTCAG-156   157   158   159   160   161   162   163   164   165   166   167   168   169   170   171   172   173   174 3') and S-*-Univ-1492R-b-A-21 (1492R) (5'-GGTTACCTTGTTACGACTT-3'). PCR was performed in 50 μl volumes containing 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.2 mM of the primers, 1.5 U of Taq-polymerase (Ampliqon, Skovlunde, Denmark) and 100 ng of extracted DNA. Purified amplicons were digested with HaeIII and HhaI restriction enzymes (Invitrogen Ltd., Paisley, UK) and electrophoresed in 2% agarose gels. These were visualised with ethidium bromide (0.5 μg ml -1 (SigmaAldrich) and photographed under UV light.
Molecular identification of yeasts
Cell-free extract of yeasts, obtained by suspending a colony in water, boiling for 10 min and centrifugation, were used as a template in PCR reactions to amplify a segment of the eukaryotic rRNA operon encompassing the 5.8S rRNA gene and the flanking internal transcribed spacers ITS1 and ITS2 using primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTGCTAACAAGG-3'). The PCR conditions used were those reported by White et al. (1990) .
Sequencing and comparison of sequences
Selected amplicons of bacteria and yeasts were purified in GenElute PCR Clean-Up columns (Sigma-Aldrich) and sequenced by cycle extension in an ABI 373 DNA sequencer (Applied Biosystems, Foster City, Ca., USA) using primer 27F or ITS5, respectively. On average, 800 bp were obtained per sequence. These were compared with those in the Sequences with a percentage similarity of 97% or higher were allocated to the same species (Palys et al. 1977; Stackebrandt and Goebel 1994) .
Typing of isolates
Isolates were grouped by repetitive extragenic palindromic PCR (REP-PCR) typing using primer BoxA2R (5'-ACGTGGTTTGAAGAGATTTTCG-3'), as reported by Koeuth et al. (1995) . REP-PCR products were purified and electrophoresed in 1% agarose gels as above.
Denaturing gradient gel electrophoresis (DGGE)
Extraction and purification of DNA.
Homogenised NFM samples in 2% sodium citrate were used for isolation of total microbial DNA. DNA extraction was accomplished using a commercial kit (QIAamp DNA Stool Mini Kit; Quiagen, GmbH, Hilden, Germany) following the manufacturer's recommendations. To confirm and quantify the bacterial populations identified by DGGE in the NFM, DGGE analyses were also made of the total DNA extracted from enrichment cultures (on M17 and MRS) of the 10-fold dilutions used for enumeration purposes. The cells were pelleted by centrifugation and total microbial DNA isolated as reported above for the purified cultures.
PCR amplification
DNA was used as a template in PCR amplification of the V3 region of the bacterial 16S
rRNA gene using the universal primers F357 (5'-TACGGGAGGCAGCAG-3'), to which a 39 bp GC sequence was linked to give rise to GC-F357, and R518 (5'- 
Electrophoresis conditions
DGGE was performed using a DCode apparatus (Bio-Rad, Richmond, Ca., USA) at 60ºC
and employing 8% polyacrylamide gels with a denaturing range of 40-60% for bacteria and 30-50% for fungi. Electrophoresis was performed at 75 V for 17 h and at 130 V for 4.5 h for bacterial and fungal amplifications respectively. Bands were visualised after staining with 0.5 μg ml -1 ethidium bromide.
Identification of DGGE bands
DNA bands in the polyacrylamide gels were assigned to species by comparison with a control ladder of known strains (Flórez and Mayo 2006), or, following isolation of DNA from the bands and reamplification with the same primers without the GC-clamps, by sequencing and comparison of the sequences as described above.
RESULTS
The pH of the NFM samples ranged from 4.1 to 4.4. sample-to-sample variations were noted (Table 1) . Dextran producing leuconostocs were occasionally observed at the very limit of detection (below 10 3 cfu ml -1 ). No staphylococci, enterococci, enterobacteria or coliforms were detected in any of the samples, except for small numbers of the last three groups at the 6 month sample (t=6). In addition, a homogeneous yeast population was recorded at 6 and 12a month samples, with counts of 2.8 and 5.0 x 10 5 cfu ml -1 , respectively.
Due to the relatively simple microbial composition of the samples, the DGGE profiles were also expected to be rather simple. In fact, these varied between one or two bands. A patent band corresponding to Lc. lactis was always present, while that of Lb. plantarum was barely visible at time zero and 6 months. Figure 1 shows the DGGE results obtained at 3 months (t=3), in which its DGGE profile is shown in line 1. As for the NFM, the profiles obtained from the cultures of the 10-fold dilutions involved either one or two bands.
Cultures from the MRS plates (growth was up to the -3 dilution) gave a single band which migrated to the position of the Lb. plantarum control band. In contrast, profiles from the enrichment cultures grown on M17A showed two bands corresponding to Lb. plantarum and Lc. lactis up to the -3 dilution, followed by a band for Lc. lactis alone for the -4, -5
and -6 dilutions ( Figure 1 ).
No DGGE profiles for eukaryotic organisms were recorded at time zero or at 3, 12b, and 15 months, while two bands whose sequence showed identity to both Kazachstania unispora and Saccharomyces servazzii were recorded at 6 and 12a months (data not shown). (11) plates isolated from the six time points were purified by subculturing, and identified by molecular methods. All colonies were subjected to PCR amplification of the 16S rRNA genes with primers 27F and 1492R, followed by amplified ribosomal DNA restriction analysis (ARDRA) with the restriction enzymes HaeIII and
HhaI. Only two distinct ARDRA profiles were obtained with either HaeIII or HhaI. As an example, Figure 2 shows the profiles obtained with HaeIII. All isolates from the M17A
plates gave the profiles depicted in Figure 2A , while Figure 2B shows that recorded for isolates from the MRSA plates. Two isolates from the MSEA plates showed an ARDRA profile identical to that shown by isolates from the M17A plates, while the remaining nine showed a profile identical to that shown by the cultures from MRSA plates. These results strongly suggest that the majority populations of the NFM recorded in M17A and MRSA plates were represented by a small number of bacterial species. Sequencing of 15 randomly-chosen amplicons of colonies isolated from the three media identified these as Surprisingly, a single REP profile was obtained for each species (Figure 3 ), which indicated a rather low genetic diversity at the strain level, similarly to that found at the species level.
DISCUSSION
Natural fermentation is one of the oldest methods of extending the shelf life of milk, and it is still widely practised in many parts of the world. This work describes the microbial characterisation of an NFM, analysed at six time points over one and a half years. The acquired NFM of the present study was produced by backslopping inoculation of UHTsterilised milk, culturing at room temperature for 18-24 h, and storing under refrigeration until use. Depending on consumption, the process was repeated every three to five days.
Both the temperature of incubation and the majority microorganisms identified (see below)
classify this NFM as of the mesophilic type (Robinson and Tamime 1990) . This is probably the largest group of fermented milks, into which fall many traditional products such as cultured buttermilk, filmjölk, långfil, and many ethnic products from Africa, the Middle East and Asia (Benkerroum and Tamime 2004; Beukes et al. 2001; Gadaga et al. 2000; Gonfa et al. 2001; Tamang 2010) . The original batch of this NFM could be not traced back.
It may well have come from somewhere in the Middle-East or the Balkans, but it has been passed from one family to another in the producing area for more than ten years now, and it 293 is well appreciated for its agreeable sensory properties. by the culture-independent technique of DGGE, by which no other organisms were identified even after enrichment of the dilutions in M17 and MRS. These three strains were shown to be present throughout the entire study period (15 months), suggesting they are compatible and well adapted to one another. They also appear to be well adapted to the restrictive conditions imposed by the manufacturing process; cells have to attain high cell densities rapidly and to be resistant to the low pH (4.1-4.3) of the coagulated milk. These restrictive conditions are surely responsible for the low species and strain diversity found in this NFM. A large population of K. unispora was observed in the 6 month sample, which was maintained in the subsequent analysis at 12 months (t=12a). This non-lactose fermenting species has been reported a common inhabitant of many dairy products, including kefir and cheese (Callon et al. 2006; Wang et al. 2008) . It is unknown how this yeast species entered the present laboratory-produced NFM. At six months, small populations of enterococci and coliforms were also noted, which disappeared at 12 months. All of these 'new microorganisms' may have arise from a contaminated UHT-milk sample. Microbial analysis of the mother NFM sample at 12 and 15 month (t=12b and t=15, respectively) and showed no yeasts, which reinforces the contamination hypothesis. In any event, in the laboratory-made NFM, the yeast seems to become a stable component of the microbial association without perturbing the relationships between the other members or impoverishing the sensorial properties of the NFM.
CONCLUSION
The results of this work provide a microbial characterization of an undefined NFM, the fermentation of which appears to be accomplished by single strains of Lc. lactis subsp. 
